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ABSTRACT

The Pinite Element Analysis Program (FEAP) was modified and
integrated vith the Naval Postgraduate School version of the
Coaputer Analysis Language (CAL-NPS). This enables the
solution of linear and non-linear, two and three dimensional
heat conduction problems in an interactive mode, The usual
types of boundary conditions, including radiation, may be
spacified. The heat conduction group includes proapts for
user supplied data. Several existing CAL-NPS commands were

improved and a "HELP™ facility was added. Coamands were
added for visual display of the finite element mesh at

graphics terainals. The User Guide for this expanded
version of CAL-NPS is provided. '
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) I. INTRODGCTION

A. GENERAL DESCRIPTION

Since the implementation of the Pinite Rlement Analysis
Prograa (hereafter refered to as FEAP) at the Naval
Postgraduate School, it has had only limited use. It is now
available to general NPS users in an interactive form
through the IBX 3033 VM/MVS time sharing systea. The data
management and user interactive command structures vere
established vithin the existing interactive progranm,
Computer Analysis Language (CAL). This integration of
systeams provides the ability to solve linear and nonlinear,
steady and unsteady, +two and three limensional hea“« conduc-
tion problems involving temperature dependent thermophysical
properties and coaplicated radiation/convection bourdary
conditions.

Additional capability was provided to CAL system users
both in changes to existing subroutine groups and in the
addition of a new graphics group with its attendant command
structure. The graphics functions 2nable the user to plot
two- and three- diamensional structural and heat transfer
meshes. Another new facility is the HELP operation which
allows a user experiencing trouble with a particular opera-
tion to interactively obtain assistance.

B. HISTORICAL BACKGROUND

The original CAL program vas developed by Professor E.
L. Wilson of the University of California in 1977 [Ref. 1].
It wvas later adapted and modified for use at the Naval
Postgraduate School by LCDR L. B. Elliot [Ref. 2]. The PEAP
program .was written by Professor R. L. Taylor of the
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University of California [Ref. 3] in 1977. Inplementation
of PEAP at Naval Postgraduate School was done by LT J. H.
Bettencourt [ Ref. &].

C. OBJECTIVES

The objectives of the author'’s vork have been to:

1.

2.

iptegrate the data management systea of FEAP with CAL
to create an intaractive conduction heat transfer
problem solving system;

modify existing operations to extend their useful-

ness;
add operations to extend the capabilities of the

progras to include graphics;

create a HELP facility:

create a USER'S MANOUAL to facilitate use of this
progras.

"




II. ORGANIZATION OF HEAT TRANSPER GROUP

This chapter provides a general overview of the organi-
zation of the Heat Transfar Group of CAL. It is intended t®o
provide sufficient information to permi* users %o operate
the CAL heat transfer package.

The execution of the program is flexible and controlled
by user selection of operations in 2 logical sequence from
the commands that are available, There are two broad
categories of operations, data input and problem solution.

A. DATA INPUT

1. Initialization

The heat transfer jroup performs matrix creation and
manipulation automatically. As the ©problem progresses,
arrays are created, altered and deleted under prograa
control. Through the HTXFR operation the user provides
sufficient information to establish the initial arrays for
data input and problem solution. The number of nodes,
number of elements, number of material sets, spatial dimen-
sion, number of degrees 5f freedom per node and the maximunm
number of nodes per element are required. For heat +¢ransfer
problems the number of degrees of freedom per node is always
one. The option to assign a higher number is available
because the equation solvers in this program are applicable
to other fields of which future work may make use.

2. BNodal Coordipates

Nodal coordinates are input via the COORD operation.

This operation has built in node genera*tion capability. By
specifying an initial point and a node generation vector,

12




the user may easily input large meshes. Coordinate system
conversion is also available. Coordinates may be input in
the Cartesian system, the cylindrical system with any one of
the three axes longitudinal, the spherical system or any
combination of the above systems. All coordinates are

converted to Cartesian coordinates for use with CAL.

3. Elesent Conpectivity

The ELCON operation inputs the element connectivity
data., Here again is a generation capability. The user may
spacify the connectivity for one element and a generation
vector to create additional rows.

vor the two-dimensional elements the user wmay
specify a 4 to 9 node isoparametric element. There is an 8
to 21 node isoparametric eleament for three-dimensional
elements. Both of these ele¢ments must follow the nuambering
convention shown in Appendix A.

4. Hmaterial Properties

The required amount of material property information
varies from problem to probles. The PROP operation prompts
the user for the information required to solve the problem
at hand. At a2 nminimum the nmaterial's conductivity (k),
specific heat (c), specific wmass (rho) ,heat generation per
unit volume (q*''') and the geometry type (plane or axisyme-
tric) must be specified in a consistent system of units.
Appendix A includes examples of consistent systaas.

The user also inputs the number of Gaussian points
per direction for quadrature and codes for temperature
dependent properties and boundary conditionms. The codes
indicate other information required. Teaperature dependent
properties are input as tables and linear interpolation is
used to determine the proparty value at a given temperature.
Boundary conditions are specified as shown in Appendix A.

13




If an exterior boundary line or surface condition is not
specified, it is assumed to be insulated.

5. Constant Temperatupe Nodes

Por probleas requiring certain nodes to be at
constant <temperature, the CTEMP operation is available.
This operation may also be used during the solution stage of
the problem to provide step changes at previously specified
constant temperature nodes. Because this operation gener-
ates an array used in profiling the solution equations, <the
user may not change the node numbers that weres established
as constant constant temperature nodes after execution of
the PROFP operation. The temperatures of these nodes,
however, may be changed.

6. Equatiop Profile

The PROF operation establishes the equation profile
for problem solution. Prior to the 2xecution of this opera-
tion, any data input may be changed by specifying the appro-
priate operation and re-entering the data. After its execu-
tion the user wmay not change thz nodes designated as
constant temperature nodes to temperature varying nodes or
vice versa. The user aay change the value of the constant
temperatures.

B, SOLUTION

The matrix formulation of the heat transfer problea as
discussed in Reference 4 is:

(KI(T} + [(CI(T} + (F} = (O} (1

vhere (K) represents the conductivity matrix, (C) represents
the heat capacity matrix, (P} represents the flux vector and
{T} represents <the temperature vector. The derivative of
(T} with respect to %ime is (T}. The flux vector includes

14




heat generated per unit volume and boundary fluxes as speci-
fied for gqiven boundary sur faces. This is a fully general-
ized formulation, includ ing non-linearities, since the
matrices (K] and {[C] and the vactor (P} can be temperature
dependent.

1. Forming Copductivity Matrix

For heat transfer probleas, which involve only one
degree of freedom per node, the conductivity matrix, (K],
vill alwvays be symmetric. The capability for generating
unsyametric matrices was provided, but will only be appli-
cable vhen additional typas of problems are programmed into
the CAL systeam. The coamand for the unsymametric conduc-
tivity matrix formulation is USYMC.

2. Forming Heat Capacity Matrix

The heat capacity matrix, [C], used in time depen-
dent problems, can be generated with either CCAP or LCAP.
To form a consistent capacitance approximation use the oper-
ation CcCAP. A lumped capacitance approximation is formed
using the LCAP operation.

3. [Porajng Flux Yector

To complete the problem formulation, the flux
vector, (P}, =@must be genarated. The PORN operation forms
the flux vector taking into account the internal heat gener-
ation and boundary surface fluxes as indicated in the PROP
operation.

4. Egquatiop gSolving

Once the time independent problem is formulated, the
teaperature vector, (T}, is calculated by the CALC opera-
tion. Time dependent problems do not use this operation,
but rather *he ordinary differential equation solver.

15
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S. Fizst order Ordipary Differential Egquation Solver

The first order ordinary differential eguation

solver is accessed with the ODE operator. It employs the
Zienkiewicz two- and three-level schemes [Ref. &, 5].

In addition to tha time step size change using the
DTIN operation, an optional automatic time step adjustment
is incorporated in <the ODE operation. The norm of the
dif ference between temperature vectors at two consecutive
+*imes is computed at each step. If the norm is less than a
user specified maximum temperature difference, the time step
is doubled before going to the next step. If +the norm is
greater than a user supplied minimum temperature difference,
the time step is halved and calculation for that time step
is repeated until the nora is acceptable. If the tempera-
ture differences are specified as zero, no time step adjust-
ment will be performed.

The user specifies cne of three functions which are
performed by the ODE operation. A second operation nrame,
vhich must be separated by a coama, follows ODE. The
options are INIT, LINE or QUAD.

The operation ODE,INIT is used to input the integra-
tion constants theta, beta and gamma [Ref. 5], the maximua
and ainimem temperature differences for the automatic time
stap adjustment and the initial temperature vector. No time
integration is performed by this instruction.

ODE,LINE performas the two point scheme and ¢the
current temperature vector is substituted by the newly
calculated temperature vector.

The ODE,QUAD operation is simil-r to the ODE,LINE
operation but uses the thr=2e point scheme.

6. Printing Nodal Temperatures

Once the temperature vector has been updated, the
g PTEMP operation prints the temperatures in node number
order.

16




III. ORGANIZATION OF GRAPHICS GROUP

The graphics group is capable of displaying meshes
either on the IBN 3277 dual screen terminal system or any
PLOT-10 compatible terminal. It is initiated <through the
use of the GRAPH operation by which the user specifies the
type of graphics terainal in use.

A. TITLE

The TITLE operation is used +> title <the mesh being
displayed. The user may input up to three lines of fifteen
characters for the title. This operation must be specified
immediately prior to the displaying operation.

This operation calls the USRIN subroutine which reads
from the terminal three lines of characters. A flag (IFLAG)
is set to indicate a title is to be printed.

B. HEAT TRANSFER MESH

The PLHX operation locates ¢the heat transfer coordinate
and connectivity arrays and displays the mesh. The viewing
area is optimized so the longest dimension is full screen.
The saxisua and ainimum coordinate values for each direction
are displayed. This operation displays two~ and three-
disensional meshes. If the mesh is three~dimensional, <he
user must specify the viewing plane.

This operation calls either the PFPPLOT (2-D) or FP3PLT
(3-D) subroutine. These subroutines scan the coordinate
arrays for maximum and ainimum values and initjalize the
graphics screens. They both use subroutine BOX to set the
virtual window, set the screen window and draw a box around
the plotting area. The standard zlement connectivity is

17
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stored in an array vhich is used in conjunction with the

user's element connectivity matrix to> drav the elements line

by line. The center node is plotted using a "+ syabol.
The user's title is plotted (if IPLAG is not 0) by subrou-
tine USRTIT, which then resets IFLAG. The maximum and

minimum values of the vertical and horizontal coordinates
are printed by SCRDAT. Subroutine SCRDAT also indicates axis
orientation. Prior to terminating the screen graphics,
subroutine TITLE is used to write the title box identifying
the type of mesh being displayed.

C. STRUCTURAL HESH

The PLST operation displays tha structural system speci-
fied by user supplied c¢oordinate and connectivity arrays.
The viewing area is optimized as described for the PLHX
operation. Likewise, the user may specify the viewing plane
as either the X-Y, Y-2 or X-2Z plane.

This operation calls the CLPLOT subroutine. CLPLOT uses
the same logic and subroutines as PPPLOT. The difference
betwveen the two subroutines is in the method of storage of
the coordinate arrays and the connectivity matrix,

18




IV. CHANGES TO EXISTING GROUPS

Bodifications were wmade in several existing subroutine
groups to make their operations more versatile. One utility
subroutine was improved and one was added.

The changes ¢that were made are sensitive to prior
versions of CAL. The same results are obtained for previ-
ously existing operation conmands. No files used with o*her
editions of CAL need to be modified +to operate with this
prograa.

A. UTILITY SUBROUTINES

1. Subroutine RCARD

Subroutine RCARD reads and interprets the operation

commands. An operation comamand has the form
oP,M1,M2,M3 MY N5,N1, N2,N3,NU

vhere OP is the operation name, M1 to M5 are matrix nases

and N1 ¢to N4 are integers. Previously, N1 to N4 had to be

values greater than or equal to zero. The symbol/state

logic matrix and subsequsnt action codes were nmodified to

allov users to input negative integer values.

This is important for the ZERO operation which
enables users to create matrices with a given value in the
diagonal locations and another value in the off diagonal
locations. Prior *o this change, a user desiring to create
such a2 matrix with negative values had to input the matrix
TOW by row.

2. gsubroutine ERICHX

Subroutine FPRTCNX is a new utility subroutine which
allows the CAL program to invoke most CP/CMS commands.




After the invoked cosmand is executed, control returns to
CAL.
It is pvresently used in tie SAVE and RESUME opera-

tions to invoke the CMS coamand

PILEDEP NSAVE DISK M1 SAVE (RECPM VS LRECL 7290

BLKSIZE 7294)
vhere NSAVE is a logical unit number assigned to the SAVE
and RESUME operations and M1 is a user input file name.

B. GROUP 1

1. SAYE Qperatjon

The save operation creates a file on the user's
A-diskx containing all arrays in storage at the time of
issuance. Previously the entire 100,000 word main array was
stored, regardless of hov many vords were actually being
used. It wvas always stored under the name FILE 02,

preventing the user from saving more than one problen.

The method of storing the array wvas changed to store
just the number of locations actually being used. More “han
one probleam may be saved because the subroutine PRTCMX wvas
used to create a SAVE file with a name assigned by the user.
If a name is not specified PILE 02 will be the name of the
saved prcblena.

2. RESUME Qpegation

The RESUME operation reads a saved file into memory.
It was altered to read named files saved by the new SAVE
operation. If a name is not specified FILE 02 will be read.

3. LOADI Operatjop

The LOADI operation loads inteqger arrays. The arays
were input row by row. The option to generate arrays was
added. The user wmay specify one row and a row generation

20




vector. The number of rows specified will be automatically

generated. This operation was moved froa the static anal-
ysis subroutine group to the general matrix command group.

4. PRINT Qperation

The PRINT operation prints an array in matrix
format. Previously it could only print arrays containing
real numbers, resulting in the erroneous printing of arrays
containing integers. The user may now specifiy whether the
array to be printed contains real or integer values.

S. HELP Operatiop

The HELP operation wvas added to ths general coammand group
and provides the user with information on the use of all the
available operations. It accesses a file of instructions,
sorts through <them to find the desired operation and
displays the appropriate information on the screen.

C. GROUP 2

1. NODES Operatien

The NODES operation creates the matrix of nodal
coordinates for a structural problen. This information was
entered in cartesian coordinates, node by node.

The user may now opt to enter data 1in cartesian,
cylindrical (any axis longitudinal) or spherical coordi-
nates, It will be converted to the <cartesian coordinate
system used by CAL. Additionally, the user may generate new
nodes by specifying one node and a node generation vector.




Vo SOLUTION QF CONDUCTION HEAT TRANSFER PROBLEMNS

In order to solve a conduction heat <transfer problea,
the user aust provide the solution algorithm to CAL. A
discussion of the matrix manipulation and equation solving
techniques can be found in Reference 4 . This chapter will
present possible algorithms for solution of this class of
probleas.

A. STEADY STATE PROBLENMS
These problems take tha fora:

(K)(TY} + (F} = (0} (2)

1. Lipear Heat Conductiop Probless

This is the simplest case to consider. After input-
ting mesh data, ¢the user namust form the conductivity matrix
[K], (SYMC) and the load vector {F}, (FORM). Then the rodal
temperatures must be calculated (CALC) and printed (PTEMP).

Consequently the sequence of solution operations for
+his type of problem would be:

SYNC
FORHN
CALC
PTENP

2. Non-linear Heat Copduction Problems

Since the conductivity matrix is time deperdent on
temperature, an iterative algorithm must be used. This
requires a looping operation (LOOP, NEXT) around *he linear
steady state sequence.
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The solution operations may be:
Loop, M
syucC
FORN
CALC
PTEHNP
NEXT
vhere N1 is the user's guess of the number of iterations
necessary to obtain equilibrium. However, the program main-
tains an 1internal <check on the residuals. When they
decrease below the predefined tolerance (TOL coamangd,
default is 10-?), the looping operation is “erminated upon
the subsequent NEXT command.

B. TINE DEPENDENT PROBLENS

These probleas involve the full form of equation (1):

(KI(TY ¢ [C1(T} ¢ (7} = (0} (@)

1. Linear Heat Copduction Problems

This case requires the solution of a first order
ordinary differential equat ion (ODE). Additionally a heat
capacity matrix, [C], wmust be formed (CCAP or LCAP) and a
time step provided (DTIM).

The differential oquation solver is accessed using
+he operation ODE,M1 wvhere M1 is one of the following:

INIT to specify initial temperature vector and
the integration constants

LINE ¢*o perfora the two-time level algorithm
QUAD +o perform the three-+ime level algorithm

The heat capacity and conductivity matrices are
unchanged in a linear problem and must be placed autside the
loop. The load vector is reformed every time step and *he
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time aust be advanced «ith ADTIN. These operations are
included in the loop.
The segquence of operations to solve a 1linear time
dependent problem amay be:
DTIN
QODB,INIT
SYMC
CCAP (or LCAP)
LooP, M1
FPORYN
ODE,LINE (or QUAD)
ADTINM
PTENP
NEXT
vhere N1 is the number of time steps th=2 user wapts to take.

2. YNon-linear Heat Cogduction Problesms

The heat capacity ands/or conductivity matrices are
temperature dependent in this class of problem. The temper-
ature dependent nmatrix (matrices) must appear inside the
looping operation whereas the constant property matrix would
be excluded from the loop.

To solve a fully non-linear problem the following
operation sequence may be used:

DTI N

ODE,INIT

LOOP, W1

sucC

CCAP (or LCAP)
FORNM

ODE,LINE (or QUAD)
ADT IN

PTENP

NEXT

vhere N1 is the number of time steps +the user wants to take.
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C. QNUNERICAL EXANPLES

V. Hollow Cylipder with Circumferential Heating Strips

A hollov cylinder with a four inch outer diameter
and a three inch inner diameter was subjected to an axial
forced connvection condition in a wind turnel by Professor
P. P. Pucci of the Naval Postgraduate School. There were
sixteen one~quarter inch wide heating strips equally spaced
over 180 degrees of the outer surface as illustrated in
Pigure 1.

The heating strips were maintained at a constant
teaperature of 1600 P and measurements of the surface teap-
eratures betveen the strips were made using teledeltos
paper. The ambient temperature was 600 F, The cylinder was
considered to have a dJdensity of 70 1lb/f+3 and a specific
heat of 0.6 BTU/1lbmoOF, Tests were made with four heat
transfer coefficients (h).

The finite element model took advantage of +the
cylinder's symametry, consisting of one half of a heating
strip plus one half of +*he interval be*ween strips. The
element mesh,as generated by the PLHX operation, is showrn in
Figure 2. The comparison of the model data to the tele-
deltos paper measurements was very favorable and is shown in
Pigure 3.

2. Transient Surface Temperaturss in ap Infinite Plaie

An infinite flat ©plate was considered as a test
problem (Pigure 4). The plate was at an initial unifornm
temperature greater than the ambient temperature and then
exposed to convection comditions with a constant external
heat transfer coefficient (h).

The approximate solution was obtained using a
Heisler chart. The <temperature of the outer wall was
computed at 1 minute, 5 minutes and every S minutes *here
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after up to 30 minutes.

The comparison between these values

and those generated by CAL was very close and is shown in

Pigure 5.
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VI. CONCLUSIONS AND RECIMMENDATIONS

The code that was integrated into CAL provides an accu-
rate and reliable means for solving a variety of conduction
heat transfer probleams. The system is user friendly both in
prompting for input and da2tecting errors. The use of the
heat transfer group of coamands is encouraged, as wvwell as
efforts to increase its versatility.

While the capabilities of the program are significant,
there is rooa for improvement. The present version uses
primsarily an in-core solution technijue, which restricts the
problem size to within the user's virtual machine space.
The capacity to handle larger problems may be increased
through the use of an out of core technique for building and
storing the conductance and capaitance satrices, as well as
equation solving.

The graphics package could be expanded and improved to
provide mcre information <to the user. The plotting of
isoparametric elements neads to include the capability to
generate and plot curved 1lines, Another desirable capa-
bility 1is to portray all <three axes on the screen with
apparent depth and allow rotation to any desired view. A
capabilty to plot isotherms could be added to enhance the
interpretation of the results.
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APPENDIX A

USER'S GUIDE

This appendix provides details on the use of CAL with
the IBN 3033 computer at NPS. The program as modified at
the Naval Postgraduate School is subsequently referred to as
CAL-NPS. Section A provides the details on the command
structure, Section B is a suamary of commands available.
Section C provides the job control langquage for executing
the program in both the batch and interactive modes at NPS.
Section D contains detailed specifications for each avail-
able comaand. Pinally, section E gives direction for
solving larger problems with CAL-NPS. The majority of this
appendix was originally published as Reference 1 . The
author wishes to express appreciation to Professor Wilson
for peraission to use this material.

A. PORM AND RESTRICTION OF THE LANGUAGE

CAL-NPS is an interpr2tive language which is designed to
manipulate arrays and matrices, to perform standard struc-
tural analysis operations and to perform conduction heat
transfer analysis operations. A CAL-NPS program run
involves the reading of the input deck once and executing
the coamands designated by the operation cards as they are
encountered. Looping operations allow a sequence of
commands *o be executed more than once.

The input deck is composed of operation cards and data
cards. The data cards directly follow each operation card
which requires d4ata (see LOOP operation for exception ¢to
this). The operation card contains ¢the name of the opera-
tion to be executed, names of arrays associated with *he
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operation and integer constants. Examples of the general
form of this card are:

op,M1,82,M43,44 45 ,N1,N2,N3,N84 conmments

OP, M1,N1, K2

oP, K1

op
in vhich OP is the name of the operation to be executed, Hi
i{s the name of an array and Ni is an integer. The names of
OP or Mi are ome to eight alphabetic or numeric characters

to be selected by the user. The first character of a name
mRust be alphabetic. The sequence 5f terms OP, Mi and Ni
must be separated by coamas. Characters following a blank

will be printed as comments in the output from the progranm
run.

If an operation atteapts to load or generate an array
wvhich previously existed, <the program will delete the array
before the execution of the operation. A new array need not
be the same size of the o0ld array which had the same name.
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B. SUNMARY OF COMHANDS

1. General Commapds

* jndicates a significant change or addtion in CAL-NPS

START =~ Initialize for the next problen

STOP ~ Normal termination
NO - Temporary suppression of ou%tput
YES - Restores output

LABEL - Print coasments

READ - Change logical device for input
WRITE - Change logical device for output
TINE - Suppress time printout

SAVE - Interrupt a problenm %
RESUNE - Continue an interrupted problenm %
LIST - List arrays and storage used

HELP

Access HELP files

F}
(=7
0

2. Geperal Matrix Coma

LOAD - Load user defined real matrix

LOADI - Load user defined integer matrix

ZERO - Create null or unit matrix

PRINT - Matrix print operation =
DUP - Matrix duplication

ADD - Matrix addition

sUB - Matrix subtraction

MULT - Matrix multiplication

TRAS - Matrix transpose

SCALE - Multiply a matrix by a scalar
SOLVE - Solution of linear equations
DopsSH - Porm sub-matrix £rom large matrix

sTOSH - Store sub-matrix in large ma+trix
DOP DG - Porm rovw matrix from diagonal
STODG - Store row on diagonal
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HAX
NORN
INVEL
SQREL
LOG
PROD
DELETE

NODES
BOUND
BEAN
TRUSS
PLANE
SLOPE
FRAME
LOADS
ADDSP
ADDK
MEMPRC
DISPL
FORCE

FONG
STEP
EIGEN
DYN AN

PLOT

S5

HTXPR
COORD
ELCON

Static Analysis Operations

Evaluate row maxisums

Evaluate matrix noras

Invert each term in matrix

Square root of each term in matrix
Natural log of each term in matrix
BEvaluate product of all teras in a matrix
Delete matrix froam storage

Input structural joint geometry i
Specify boundary conditions

Pora 3-D beam stiffness matrix

Pora 3-D truss stiffness matrix

Form 3 to 8 node plane stiffness ma%trix

Porm stiffness matrix from slope/deflection eq.
Pora 2-D frame stiffness matrix

Fora load vector

Fora global stiffness and mass matrices

Add element matrix to global matrix

Calculate element forces from joint displacements
Print joint displacements

Evaluate and print member forces

Dypamic Apalysis Operations

Heat Trapnsfer Qperations

Generate equal interval time function
Integrate dynamic equilibrium equations
Evaluate mode shapes and frequencies
Evaluate uncoupled equations of motion by
mode superposition method

Line printer plot of joint time history

Initiate heat transfer problem »
Input nodal coord inates *
Input element connectivity matrix *
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F

PROP - Input material property data

CTENP - Input constant temperature node data *
PROF - Bstablish profile of egquations ®
SYNC - Create symmetric conductance matrix L]
154 4. (o - Create unsymmetric conductance matrix %
LCAP - Create lumped capacitance matrix o
CCAP - Create consistent capacitance matrix K
FORM - Create flux vector "
CALC - Solve time independent systems of equations %
ODE - Solve time dependent systeas of equations x
PTENP - Print nodal temperatures *
TOL - Set solution convergence tolerance k4
CONV - Perfora temperature convergence test £
DTIN - Set time step increment ®
ADTINM - Advance time by one time step *
PROMPT - Suppress/restore prompts *
6. Graphics Operations
GRA PH - Initiate graphics *
TITLE ~ Label mesh plot )
PLHX ~ Plot heat transfer mesh ®
PLST ~ Plot structural amesh *

7. 1oop Operations

Lo0P - Start of loop
NEXT - BEnd of loop

SKIP ~ Conditional skip of operations within loop
8. Names Available for User Subroutines ‘
USERA
USERB
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C. EIECUTION OF CAL~HPS

Por the time sharing (CHS) systea at Naval Postgraduate
School, do the foilowing:
_{(Use the standard LOGOX procedue)
_link 00O4OP 191 199
ENTER PASSWORD:
_XXXXX (ESAK)
R:; T=0.01/0.0% 11:09:55
_access 199 C (Note: You must access the "C"
€ (199) R/O disk)
R; T=0.01/0.01 11:10:04
_cal
ENTER TERMINAL CODE:

[}

1
2
3

PLOT-10 Compa tible Terminal (GRAPHICS)
IBM 3277 DUAL SCREEN ({GRAPHICS)
Any Alpha Numeric Teraminal (NO GRAPHICYS)

[}

_Y (or 2 or 3, as appropriate)

(The computer responds with several lines of procedure)
EXECUTION BEGINS cecews

M " - W S e MM A RS- - 0.0 SECONDS
(You are nov under the control of CAL-NPS)

start

AR START

(Your own CAL-NPS prograas is inserted here)

stop

| STOP

R:; T=0.01/0.01 11:12:45

_log (Terminates session)
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D. CAL-NPS COMMAND SPECIFICATIONS

1. Geperal Matrix Operations

CAL-NPS has @most of the standard matrix operations
plus some special array operations which are useful in engi-
neering analysis. The following is a list of approximately
32 operations which are used for control and general matrix
aanipulation.

A "en indicates the formation of a new matrix. A
matrix previously defined with the same name will be
deleted. A #"-" indicates modification of an existing
matrix.

Note: Whenever the expression "card" is used it is
meant to also stand for "instruction” in interactive mode.
stArt T

hi eration eliminates all arrays which w vious
foade8PSE generated: Y ere previously

L e D D P D D D P D D D T R GD D WD R Y "D D D D YD P Y D > - - - -y = D - - -

STOP

This operation causes normal <+termination of a CAL-~-NPS
program.

hese orerations are us2d to  selectively snpgffss .output
rom CAL-NPS.  The NO operation suppresses, printi g,
except diagnostics, until the operation YES is encountered.
Therefore,  in subsequent runs o the same CAL-NPS program
output which was previously correct need not be reprintad if
these cards are inserted in the data deck.

LABEL,N1

Eh s operation wjill read and gfint N1 omnegt ca&ds,w ich
ollow the operation card. Column 1 of eac card will be
interpreted as a standard carriage control symbol (i.e.

for double space and 1 for skip to the top of the next

page) .
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gg%%EgPERATION IS VALID ONLY WITH THE CP/CMS TIME SHARBRING

This operation peraits the selection of a user's file or the

termjinal as the  input file device. The  default is ¢the

terminal., If N1 is 4, subsequent goulandsIglll be read frgn
i

PILE  PTO4PQO01 on the user's A-disk. If N1 is S, the
terminal will be restored as <the input file device. All
d}sk files prepared for use with this command should end
with either STOP or READ,S. This comamand will not be
executed on the MV¥S (batch) systen.

R - D - D D D =D D D W WD W D D DD D D D D DD D D D D TP D S P D D R - - - - - - -

WRITE,N1
g%I%EgPERATION IS VALID ONLY WITH THE CP/CMS TIME SHARING

This operation permits the selection of a file on_the user's
A-disk or the terminal as the output file device., The
default 1is the <termipal and all 2rror messages_ will  be
printed at the terminal ragardless of *+he output file device
selected. If N1 is 8, subSequent gugut will be written into
PILE PTO8F001 on the user's A-disk. If N1 is 6, the
terminal will be restored as the outgut file device, This
command will not be executed on the MVS (batch) systen.

- R D D W D D D D R - AP Wy D G D Gy - - D D D D " - P D G - - - o =

TINE

This operation permits the time prin“out to be suppressed
withoyt loss of other output. . A second TIME will restore
the time printout unless *the print output is suppressed with
the RO command.

D D - D DD LGP W DD CEED D D DD = D W D WD - A T T P D D - —D D T T D D D - - - -

SAVE or SAVE,M1 or SAVE, M1, N1

This operation saves all arrays in, storage _at the, +time of
issuance._  Saved arrays will contain all mQdifications madsa
since their <creation. __MY and N1_are optional and 1f not
included, the arrags will bi stored in PILE 02 on the user's
A-disk. The saved files will be assumed to be for general
matrix sanipulation or a structural problem. N1 is the file
name {(u t0 six letters under which <the user wishes %o
store the arrays. The fils type will be SAVE, If N1 is 1,
a general matrix manipulation or structural probleam is being
saved. If N1 is 2, a heat transfer problem is being saved.

- P - G S AR D D D P L D D ED WP T ED D D D - - -y D - — - — > -

RESUME or RESUME,N1 or RESUMNE,N1,N1

This ogiration reads a s ve% Sile int¢o memory.,. Any ar a%s
currently in storage will be estrozed. A "file must have
been g;eviously créated on the user's A-disk using_the SAVE
ogera ion. #1 and N1 are op*tional and if not included, FILE
02 will be read. It will be assumed to be a general matrix
manipulation or structural problen. M1 is the file name
assigned to the saved file on _the user‘'s A-disk, The file
type must be SAVE, If ¥1 is 1, a general matzix manipula-
tion or structural problem is being fesumed. If N1 is 2, a
heat transfer problem is being resunmed.

LIST
The LIST ogeration prints the directory infecrmation €for
arrays in storage and the amount of storage used.
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D - D P D DD DT A AR D DA D D P D Y D G W D a W WD Wy WD TP D D T WD D W —D D DD D DD - -

+
LOAD,M1,N1,N2,N3

i eration vill %oad an_array of ﬁea rusbers named M1
v as N1 rows and N2 coluamns, teras of the array
punched in row-wise sequence on_ data cards foll owigg
thls operation. N3 1s optidral. If N3 is zero or blan
the cards are gunched in (8P 10. 0) format. If N3 is one, an
:gg%tiggaéegagh v%ag congains ahe forga% of the dat% c%rds
c a or _example, i s e
nombels per card 1y field idt g% ge aasitxona card
would con*azn the fo lowlng 1nformqtlon- N3 is
rine, the data cards will be read in free format.

S R @ D P . DS WD D D D D S W WD DD WD D W D TP D DD D D D D D D D D - - - - - - - - e

+ +

LOADI M1, N1,N2,N3,N4 or LOADI, M1,N1,N2,,N8 oOr

LOADI M1 ,N1,N2, N3 or LOADI M1,N1,N2 or
LOlDI,H1,82,N1,NZ,N3,NU .

This ogeragi ill load an 1nte er array named M1 vhlch ag
N1 row amn S. The tefms of_ the array are e

in row ulse sequence on data cards _following thls operat on.
M2,83 and N4 are opti onal. If N3 is zero of blank, the data
ags+t be punched in (1 ISL format. If N3 is one, an addi-
tional card contajining the format of the data 'cards nust
follow this operation and preceed the data, _Por example, if
the data is to be 4 numbers r card in field wldths of 10,
the addltlonal card would contain: (4110). If N3 is nine,
the data will be read in free format,
If the letters MINCR" are placed in the position of M2, this
operation has an_increment generation capability. Data must
be entered as follows:
Itenm Contents
Row number
2 Value 1
3 VYalue 2

e+C

N2+1 ‘value N2

N2+2 Generation code
If the generatzon code is not zero, the next card aust
contain the followin

ten Conten

Row nulber increment

2 Value 1 increment

Value 2 increment

C.
1 Value N2 increment
2 Last row to be generated

+
ZERO, M1, N1,N2,N3,N4

A _real matr named, M1 is created ow
cgiumns. T e teras in this matr%x Hlil have ﬁ ?oi&owlng
values:

M1 I.I} = N3 I =1,...N1

u1 I'J = "u J = 1 LN )
Therefore this operation can be usel %o form null or unit
matrices.
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PRINT, M1 or PRINT, M1, N1 or PRINT,H1,N1,N2 or
PRINT M1, N1,N2,N3

;his opegat on il pript the arrgz named N1 in a matrix
ormat g to e t ¢co uuns ne N1, "ﬁ and N4
are o t g S *ge nulbe of comment car s (foélouing
he eration card) w be read and
de au ts to zZero. is included. the latrlx 'i 11 be
in n rtztioned forn with N2 colulns per art t on.
es w have N2%15 ¢+ 5 haracters. g defau ’
nting 125 charctgrs per ne. s included and S
greater than zero, nteqer fornat éIS is used. The defaul*
is zero and real format (PD1 is used. The user is
cauiioned not to overcome the capacit of the Adisplaying
ce in use to avoid wrap around on the screen.

- ey '-—-:----- D P e DR DGR D DD D D D D D - D D WD N D D D D - - - - - - - - - e
pop,M1,M42

Thi ration will fo o 4 82 vwh den-
tgéglogg ati 2rray naned- 30 array name vhich is iden

ADD, N1, N2

This operation_ will replace matrix M1 with the sum of the
matrices M1 and M2.

R WD D aD D " S G U G G WA D P R A D YD DI D D D WD D D D D - D D P T D G D D D D - D - — Y D Dy D -

SuB, M1, #2

This, operation will replace matrix M1 with matrix N1 less
matrix M2,

G rE AR D A W @ wp G B - o o - - - D - D - - -

+
MULT,H1,82,83

operation enerates new atrix M3 which is the
proguctpof matricés M1 and uz, or us 1ﬂ 2.

- o a Cwan wp apan o ew - anan - DD D G D WP P WP G G YD W D D WD =D S =D WD WS oA -

4
TRAN, M1, M2

This ogerat* ﬂ?nerates a new matrix M2 which is the *rans-
pose of matrix

- [ 4
SCALE,41,82

T s operation g each term in _the matr named M1
:ale ge tern muitg iied by the term 22 (1,1) o%xthe matrix
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- - D S PR P D L R D CP D CBWD WD D G D DD R D GP AP ES D WD AP WS WP WP WP NP AP P AP D D = D A D WD WP WD DD D > A E> =

SOLVB,H1,H2,H1,R2 or SOLVE,H1 HZ,,NZ or SOLVE, H1 N1,R2 or
SOLVE,41,42,N1 or SOLVE, 81, N2

If N1 = 0, +this 2pe§atlon solves Ehe latri uatlog Aﬁ
M1 is the name, o matrix ha aue of the
matrix. Batrlx A is triangularlzed the results, x, are

stored in 2. If ¥1=1, Matrix A is trlangularlzed onl {

If N1=2 for a 1ven B ngtrlx and matrix previously
trianguiarized t matrix is replaced by the results

If K1= ua trix A is replaced by its inverse FOR syamErRIc
g%raxcné

2=0 or lank, matrix A is symmetric. If N2 is nonzero

the matrix is not symmetric.
For symmetr c matrices, A is_ factored into the LDL fora.
The diagonal D matrix is stored on the diagonal of A. The
parameter N2 permits the_ _direct solution_ "of non~-symmetric
systens of equations. If N2 is not equal to zero, _an LU
econgositlon of matrjx A will be performed. No direct
repla epent of M1 by 1ts inverse is available for the non-
syametric case. Instead use the ZERO oparatlon 0 create
an identit latrlx M2 of the same order as Hi. The _command
OLVE,N1,H then replace the matrix uz with the
nverse of {ﬁe natr x A.

+
pypsM ,M1,M2,N1,N2,N3, N4

This operaiion forms g new subuatrtx naﬂed M2 _with N3 _rows
and uAns ron the teras thin the matrix~ named M1,
The first term of matrix N2, vill be from row N1
and column N2 of matrix M1, or u1 Ni ﬁ

L - - D D D G G A G D D G D D SR AP PN D ) AL D D A W W P W G A Y TS G G ED ED D e b = D D D P D W A -

STOSM,M1,82,81, N2

This oE?ration tores a subgatglx ngned M2 u1th;§ tge uatrié
named he first term o e submatrixy M2 wi e store
at row N1 and column N2 of matrix M1 The terms within *he
area of M1 in which M2 is stored will be destroyed.

D D D DD D W P P W D DD DD =S DD T D D CD Y Gl WD D D U YD e G =D YD VD Dy - - - . - - - o

+
DUPDG,M1,M2

This operation forms a new matrix named M2 from the diagonal
terms of M1.

STODG , M1, 42

3¥is cper tion, stores a row or_column matrix named M2 at the
agonal ocations of matrix M1.

MAX M1, H2

This operation forams colunn matrix nanﬁd M2 in which g
row contains the naxinul absolute value of the correspondin g
row in wmatrix M1, The lax zup and its column number is
printed for each row.
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+
NORN, H1,NH2,N1

If NtV = a rov matrix naned M2 is foried in which each
colnnf con%ains the sum of the absolute values of the corre-
sponding columa of matrix M1, If N)Y is not equal to 0, a
rov matTix named M2 is formed 1in which each column contains
the square root of <the sum of the sguares of the values of
the corresponding coluans of matrix

SQREL,M1

This operation eplaces each +term in the matrix named M1
wvith %the square ro € of the ternm.

Hltﬁ tgg‘gg%&galtiglans pach term in the matrix named 1

+
PROD, H1,12

This operation forms a 1 x arra naneg M2 whlch contalgs
rodugro uct of all +*erms 1n +hé matrix named
P

ls stoged as two nunbers of the form:
in which 52(1) = P and M2(2) = E, the exponent.

pE108n

D P PGPS T D D P S D EDED I P P T D =D D G W P T WD D D MDD D G D WD D D D B " - -

DELETE, 11

This operation_ will cause the elimination from storage of
the array named M1.

P D - - - D YD DD D G W D WOEL P D AP YD R WD D P W W WP WD D D D WD D D Gy e W > TP U D - AP Y -

CMs N1
é geration alioug the user to issue S connands while
contro CAL-NPS. In genera cosmand that
re oa ds the virtual core will not be all owed. Exam les are

PORTBX SCRIPT, XEDIT, any lang uag grccessor, SORT und
other iarqe systen modu;es such as COPYFILE and MOVFILE.

is the nuamber of uords in_ *he commpand (1 20 9 are alloved
Note that a parenthesis é“ or My jg counted as a wvord.

A1l words sust he left justl ied.

he user will be ted for each wo If this operation
li nsgg in an PTOBPSS? PILE, each wor nust ge on a separate
ne.
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2. gstatic Analvsis Operations

The purpose of this series of operations is tc form
the total stiffness and diagonal (lumped) wmass aatrices for
systeas of two- or three-dimensional eleaents. For three-
dimensional analysis there are beam and +truss elements
available. Por tvo-dimensional analysis, ¢there is a frame
element, a slopesdeflection element for beams, and a 4 to 8
node isoparametric finite element available.

After the creation of an array containing the coor-
dinates of the dJoints of the systenm, the specification of
displacement boundary condi tions, the tabulation of material
and section properties, the mass and stiffness matrices are
formed for each structural member and placed in sequence on
lov speed storage along with the global equation numbers
which are associated with their stiffness teras. In addi-
tion, the member force~displacement transformation matrices
are formed and stored on a3 separate low speed storage file
along with the appropriate displacema2nt numbers.

The NODES operation is used to specify or generate
the geometry of the systenm. The operation BOUND specifies
which joint displacements exist and assigns internal equa~
tion numbers to these displacements. Therefore, each joint
may have from =zero to six displacement degrees of freedoa.
Tables of wmaterial and section properties for +the various
members are loaded and printed as standard arrays of
informa+ion.

A special operation, ADDSP, 1is used for the direct
addition of element stiffnesses to form the +total stiffness
and diagonal mass matrix of the systenm. The ADDK operatiom
may be used to add individual elements into the total system
matrices. The LOADS cperation specifies the concen*rated
joint loads for all locad conditions. After the direct solu-
tion for join+ displacements due %o static or dynamic loads,
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tion. The DISPL operation is used to
ments in joint nuamber order.

the member forces can be evaluated using <the MEMPRC opera-

print the displace-




+ +
NODES,M1,¥1 or NODES, ¥1,N1, N2

This erat egerates a N named M1 whic
contaths cog ggnates %o i solﬁ L oype2 stTuctura

systea. N2 is optional. ata midst bhe entered in free
format as follows:

Iten Contents
o e nug
X-coord nate

Y-coordinate

Z-coordinate

E W -

If ¥2 = 1, there a joint generation and cqQordinate stem
congeif'oﬁ capablifty.j Datg must be entereg En %ree %grmat
as follows:

Iten Cog*evts

1 e nugber
2 X-coordina<e
3 Y- coordlnate
L Z-coordinate
5 System type
6 Generation code
stea type ref to th stem used when inpu*in 4+he
313 tach iIP% Gordinates wi11°0e converteda“to" thi'cardesian
system for use by CAL-NPS.
System type System
Y 1 e Cartesian . . .
2 Cylindrical, Zz axis longitudinal
3 Cylindrical, Y axis longitudinal
4 Cylindrical, X axis longitudinal
5 Spherical
The inpus data is the same as above with the following
correspondence:
Cartesian Cylindrical sSpherical
X r 9]
Y 8 c]
A A $

If the generatlon code f zero, _.the _next card is a
gene:atl vector for the s= f generation of nodes. I+ is
formatted as follows:

Iten gtents
e number incr2ament
increment
Y increment
Z increnment
Last node number to be generated.

WNE W aa

It is assumed that the increment ge: *ain to “*he same systenm
of reference as the preceea-ng

This operation must be tnrmznate by a line of alterna+ing

zeros and blanks.
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BOUND,M1
%his operation specifies *he displacements which are nonzero
or the structural system of joints specified by the NODES
operation. Where:

M1 = Name of goundary condition code array to be
generated.

This operation_is followed by a series of cards containin
the foffowing 1nformation gn ¥ree %ormat: 9

Itenm Contents
1 Node number for the first node in a
sgries of nodes ugtb %ggnt§cal
displacement specification.

2 Node number fcr the last node in the
series.

X-translation
Y-translation

Z-translation
X-rotation
Y-rotation
Z-rotation

O @ N O N E W

pt used *o generate

Node number incrgg pt used “o_

. e
conditions for add:

A,translation or rotation equals; (a) zero £Qr zero or unde-
fined displacements, or (b) one for nonzero displacements to
be evaluated by othexr operations.

ments at that no are assumed_zero. Cards may red
in an{ order. node boundary conditions are specified
more than once, the last definition is used. This Sequence
ofddgia knust be terminated by a card of alternating zeros
an anks.

If a node boundaé condition &s not specified, al%edé§g§§¢e-
If

ghe selection bI the usea of which n%des 3ave nonzngo
isplacments requires an understanding of the direct stiff-
ness procedure. Displacement degrees of freedom which have
no stiffness associated with <¢he displacement nmust be
considered to be  undefined since it is not possible +to
- develop an equilibrium equation for that  direction. The
5 total number of nonzero displacements specified will be *he
: size of +*he total stiffness matrix to be defined by the
i ADDSF operation.
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BEAM, 841,M42,83,84

%his operation calculates the element stiffness, mass_ and
orce-dlsplacement transformation w@matrices for 3-D Dbean
members. These arrays are stored, in sequence on low speed
storage to be used by other operations where:
is the name of the beam element grou
53 %s the name o tke coord%nate argay P
M3 is *he name of the boundary condition array
M4 is *he name of the array which contains bean
properties and has been loaded by the standard
matrix LOAD operation
ne_ card for each beam in thij rou f beam elements gust
goilou thfs operation. The %gag cgrgs are puncheg En ree
format, where:
Iten Contenpts | | .
1 Beam identification number
2 Node number I
3 Node nuumber J
. 4 Node number K
5 Beam property number NP
This seguence of ca dg nust be terminated with a card of
alternating zeros an lanks.
The material and gecmetric properties for each element are

given in the

M4 array in the following order:

M4 (NP,1) = Axial aria of member, A .
- M4 (NP, 2) = Torsional moment of ln%tertia, J
M4 (NP, 3) = Moment of inertia about axis 2,
My (NP,4) = Moment of inertia abou+ axis 3, I
M4 (NP,S) = Modulus of elasticity, E
M4 {NP,6) = Shear modulus,_ G
M4 (NP,7) = Mass per unit length of beanm
here NP is the specific material property. number specified
;g iteg S of thepb am card. The focgl gign convegtgon Es
given in the following figure.

49




LOCAL BEAM REFERENCE SYSTEM.
AXES | AND 2 ARE N THE
PLANE OEF INED BY PLANE
I,J AND K NODES. AXIS
IS DEFINED 8Y LINE 1-J.
AXIS 3 IS PERPENDICULAR
X TQ THE 1, 1, K PLANE.

Z LOCAL SIGN CONVENTION
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*
TRUSS 81,82 ,43, 44

sigs operation £or! the alement stif%ness aass and force-
placement trans ornation matrices 5-p truss members.
The arrays are stored on lov speed storage in sequence and
vill be used by other structural operatiois.

g§ e name o grogr € truss sembers
t e name o nate

SRR e sy,
which ¥p ig the nulber of 4 ffegeng section

properties and

WP, 1) = The crqoss-sectio
ul ¥P, Zi = The mo uﬁs o%iefast g
& (NP, = the _mass per upit length of *he zaember
This matriz can bo loaded by the matrix LOAD operation.

his Tatio (] wed b rd tr b
§rco gggaag w?ééztgg é%ilovinz gzati nE uss aember in
Truss aember identiflcation nuaber

3 Joint nunbet
Jo ni number
4 Section ptoperty number, NP
This o o ign aust be terminated by a card of alternating
2Qros nks.
23332,31,32
hi eration oras th 6 6 st s ix the
Evofdggens onal 5r§le legber §hovns % fnes matrix for B
Y
" - Fa
R

v

FRAME MEMBER
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The properties of the member are defined on one cards iame-~
diatoig folloving the PRAMR operation caid. This second
fgigrlatiggPCh‘d in free format and contains the following

It?l contegnts .
Axial area, A
2 Sodulus of elasticity, B
ggnent of inertia, I

i
p 4
4

~NOVWN S

adm, M N X

CEOMETRY AND JOINT OISPLACEMENTS

82 is a 3 x 6 force-~displacement transformation amatrix which
xgob:sggl on the positive definition of the elemen*t forces
shov ou¥.

M, P
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These forces can be calculated fros the following matrix
equation with the MENPRC operation.

Uni]

M Uwi
3] e

Un
LUd

-

*
370 )3 9. )

ST i B WAL L

mesber B the class:.ca
tlons groge:t:.es of “he maember are ed on one card
ismedi 3t§ny ollowing <the cperation. This_second card is
gﬂc @ ree foramat and contains the following informa-
ons:

Iten COntents
Moment of inertia,
2 Bodulus of alastic:ty, B
3 Length of meamber, L

The sign convention is defined as follows:

M

I T
¥ 'y {
lf ‘%

N 1 L

DISPLACEMENTS

% “|
— v
H‘d' L ‘1)“: .sLMz 2 .
FORCES FORCES DISPLACEMENTS

The zember forces ara defined n teras of oint displace-
ments by the following slope defiection equntgons. P

r Mo = EL[400 200 $ ()]

M, = %[ze, +48,~ - )]

iz V= ﬁf_ﬁz
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PLANE ,M1,42,M3, M4, N1, N2

This operation calculates the,K element stiffness,masg agd
stress-displacement transformation ma*rices for 4 to node
isoparametric elements (Y-2 Plane only} . These arrays are
stored ¢n low sgeed stora%e 0 be used later by other cpera-~
+ions (i.e., ADDSF and PORCE). The arguments are defined as

M1 is *he user definped name of the element group
M2 is the name of the Jjoint coordinate array
M3 1s *he name of the boundary condition array
M4 is +he name of the array which contains the
material properties of the elements (one row per
different material) where
M4 (NP, 1 Modulus of elasticity, B
M4 (NP, 2 Polssons ratio, Vv
Thickness o¢f element
Mass density of the element.

NP, 4

NP is the material identification nuaber.

N1_and N2 are *he numbef of integration points in the r and
s directions respectively.

ne card for eac 3 to node element in the ° ust
oilou the operation card. The cards are punch%ﬁ EE %ree

format and contain the follcwing information:
Iten % ntents

1 ement identification number

2 Node number N1}

3 Node number N2

4 Node nusaber N3

5 Node number N4

6 Node number NS

7 Node number N6

8 Node number N7

9 Node number N8 .

10 Material identification number, NP

11 Natural Coordinate of stress output =1
12 Natural Coordinate of stress output sl
13 Natural Coordinate of stress output r2
14 Natural Coordinate of stress output s2
15 Natural Coordinate of stress output r3
16 Natural Coord inate of stress output s3

N4 through N8 are ogtional,, but _zeros must be inserted for
them 1f anused. he midside nodes, 1f present, must be
within the center half of the side, The local numbering
system for the element is shown in the following figure.
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[SOPARAMETRIC ELEMENT

s+rasses villego pripted b¥1the PORCE oge:ation at the three

soigts e in 1items through 1 The forces are
efined as follovs:

1 F‘-‘ cl‘ 2
3 al
F: oix
£ R I X
AT
‘ Fv Osx
Fs Oyy
F'a\ T."-‘
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LOADS ,M1,M2,N1

ti f o] t 1x n a M1 1
T s o} sra lgn oras a ad us bo ame ogf N colgnns

conditions) ere e name he boun ary
condition array enerated by the eration BOUND.
operat on 1 lloved b{ 3 series 9 cards - one for each
loaded_  Joint for each load condition. These cards are
punched 1n free format as followvs:

Iten
? o1ng ruaber

Load conditior nuaber
Load in X-direction
Load in -dlrectlon
Load in 2-direction
Moment about X-axis
Momemt about Y-axis
Momemat about Z-axis

O~IRANEWN

This series of cards _must be terminated by row of alter-
nating zeroes and blanks.

-, D Ch R D ARG W P P L B D D D L CSD W R D R S D D D D D . D D D > > D P D - " - - - -

+ + +
ADDSF ,M1 or ADDSF, M1, M2

This_operation forms the *otal stiffness matrix named M1 and
the lumped mass matrix named M2 for the s*tructural systeam
from the element stiffness and mass matrices which® are
stored on lov speed storage. These matrices _can _be printed
with the PRINT operation. If M2 is not specified, he zow
mass ma*trix M2 will nct be formed.

At D G R D ERAR D P D AP T PR D Y e P S D D D D W D W D D D W W D - - - - -

ADDK, B1,M2,43,N1

This og *athg adds the element stiffness matrix named M2 %o

the total stiffness matrix named M1, wher2 M1 wvas prev1ously

defined and initially set %o _zero. M3 is the name of

integer array in which +he column number N1 contains the rou

oi column numbers in the total stiffness matrix where *he
ement stiffness terms are to be added.

(f

P . - D TP T D - - - . S D D = - - - - - -

DISPL,M1,M2

ghis operation ints the disglacemeg vector named M1 in
olnt sequence order, where M e name of the boundary
condition array.

56




- D G S LD D DD WS TR WP G WS WD =D W AR TR G D WD UP YD WD D WP G A R G AT AP R A AP P D R D WD W WD D W D WG W D WD P D -

+
QBH!RC,B1 M2,M3,M4,N1

t iplies the element stif tri d
T EroveRs ehat P hissas b Sisany Bilingse megsinorand
nale of thé integer array in which +*he column nulber N1

contains the row nusb Ers 13 the dlsplacelent gtr x, H2,
wvhich _are_to be nmult by the element stiffness _(or
fo;ce—d*splacenent) natr x, Mt. The results of this nmulti-

plication are stored in the array named N4,

R L CEED DY D D D DGR P P T D T D D D - D W D - - > > -

- e - - - - - anes

+
PORCE ,M1,82,83 or FORCE, N1, N2

Thzs oger§t1on calculates the member forces for a group of
elements in which

€ name o ge Slenent gron

82 s t e name of ¢ 1splace ent msatrix

83 is the name of the matrix in which the forces are
stored in the order calcula%ed.

3518348 gL PPasiiads L o lement forges YilL be g

e elent only the member axial force, P, _will be calcu

§ eac nel er. Por the BEAM element, eight forces wil
gr nt with erence to the positive definition shown in
he BELB operat on.
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3. Dynamjc Apalysis Operations

The following operations were designed to evaluate
the dynamic response of structures subjected to arbitrary
time~dependent loads. If these operations are used in
connection with the standard matrix operations and the
structural analysis operations, a dynamic analysis is a
relatively simple procedure. The user has the option of
using the mode superposition method or a direct step~-by-step
integration of the dynamic equations of mction. The user
may examine the spectra of both input loading and calculated
displacements. In addition, the contributions of the indi-
vidual modes may be evaluated and compared.

The most common and convenient form for time-
dependent data to be specified is as straight line sagments
between given time points. Therefore, an operation which
generates values at equal intervals is necessary. Another
common characteristic of time-varying loads on structures is
that it is normally possible to represent the loads at all
points on the structure by the product of two matrices, a
coluan matrix indicating the spatial distribution of loads
times a zow matrix which indicates the values as a func+ion
of various times. If a more complicated 1loading is
required, it 1is possible to perform more analyses, each
within +the restrictions of the program, then add 4he results
of each analysis.

The <following operations have been added for <the
rajor purpose of perfcrming dynamic analysis.
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PUNG,81,82,83,81,M

T tion 3 t j <
This cperation, genarates s gatpix, named . 2.peniflei’li‘ihe
%ggaz named N1, The array 41 must be a 2 by K array of the

- t' t. t‘ ese o e t.
] - [:. fa £33  cecas t.,]

;2igh numerically represents a function of the fora shown
v:

F (s T)
{ P Fala

FeTx

/ "x/ o T

\Y4 ~

FiT
o Fels

The time interval t is sgecified in ¢he 1 by 1 matrix nased
Al. ¥1 specifies the total number of values %o be gener-
ated, and is the number of columns in M2, If N2 = Q, _the
aiiaz . | will be _a x N1 rovw matrix in which <the first
value will be £. If N2 is not egqual to 0, the array 42 will
be a 2 x N1 matrix of the following form:

[82] - t' tt + At t‘ L ] ZAt esas e e
£, f(t, ¢ At) £(t + 24t) eae..
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STEP,M1,M2,M83,44,M45,46,47,48,N1,N2

This ogeration calcu&ates the dyganic refgcnse of as rn§~
tural System using direct step= g-ste tegration of ¢the
followving linear matrix equation of motion:

(u1{u} + [C]{U} +« [K]J(U} = R(t) = PF(t)

Where:

81 is the name o% the N
M2 is the name of the N
B3 is the name of the N
M4 is the name of the N
0 in whjch: .
U (I,1) 1s a vector of displacements U

U (I,2) is a vector of velocities U
U (I,3) is a vector of accelerations U

MBS is *he name of the by N2 matrix of calculated
é?gp acements in v gchycofumn f‘represents the

x N stiffness matrix K

x N mass matrix 4

x N damping matrix C .
x 3 initial condition matrix

d lacements at time i%sN1%® & ]
L (] és he name of the N x 1 load distribution matrix
M7 is the name_of the 1 x k row_matrix representing

the load multiplisrs at equal time increments
?, where k = N2/N1 . L

is the name of the 1 x 1 matrix containing ¢
is the output interval for the displacements
is the total number of displacement vectors %o
be calculated.

The total time_ for which sults will be calculated by this
operatzon &s N!SNS* t. ngs operat%pn must %e %oiiovea wgth
ong,dgta card in free format containing the following infor-
mation:

It

[ 11 ]
N

m Contents

e

1 DELTA
2 ALPHA
3 THETA

Dif ferent values gf delta, a%gga and theta will allow the
user to select different  met s of step-pl-s;ep integra-
+ion. The following table lists som2 possibilities:

DELTA ALPHA THETA

Newmarks Average Acceleraticn 1/2 174 1.0
Linear Acceleration . 172 1/6 1.0
wiison's Theta Method (low damping) 1/2 1/6 1.42
Wilson's Theta Method (high damping) 172 1/76 2.0
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EIGEN,M1,42,43,N1

This operation solves the following s2igenvalue problenm:
Ko = MNd2A

which the N x N, syme+ric, posi*ive-semidefinite matrix K
ig na ] HQ. The’ natriy N {sP 2 d{agonal matrix of nonzero,
ositive termns designated by M3. he matrix M3 must be a
ow Oor column matrix contaihing only the diagonal terms of
M. The elgenvalues, , are stored in matrix M3. The eigen-
values are ordered in numerically increasing order _and the
eigenvectors , Aare stored in the co rgsponding coluans of
the matrix ,ﬁ - The number N1 specifies the "approximate
nuaber of 51gnlficgnt figures of the eigenvalues. If N1 is
zero or blan 4 £igure acruracy will be used. The maximunm
accuracy possiblg is 16 figures. The use of gaore *than 12
figure accuracy is not recoamended.

The progr rveduces the problem to standard eigenvalue fo
by tge go&io 8 g } Jgenva o

wing transfofma tion
vhere
EK* = n'K n
I =’ m
in which
», = 1/ /%,

The calculated mode shapes, , are normalized as follows:

¢Tm o = 'K & = )

The program uses the standard Jacobi diagonalization method
to solve for all eigenvalues and eigenvectors,
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DYNAM ,M1,842,43, M4,45, 86, N1

ti valuate the  followi d
ggéina°8§5$:‘32f¥e§%n%§ai e natiogé ggsggiagg. Sfth“¥ g“ﬁ%ﬁe
superposition sethod for the dynamic analysis of a struc-

tural systea.
¥+ 22w % +ux, 2RE) 1 =1 to N nodes’

M1 is the name of a rowv or column matrix which contains the
N teras (frequencies in rad/sec). M2 1is the name of a row
or_ column matrix which conrtains the N terms (ratio of
modal damping *o critical damping).

t are evalua tom more fundamental informa-
on. The forces for all modes are evaluated at specific
times by the program from the following ma*rix equation:

p = p¥f = M3%H4

n which is a ecified 1 vector named M3 and is
s u% BuisadcfRegified 1 be cnerated from +he 5,%y k
array named fd, The array M4 is the same form as the input
array described under the operation FUNG, It is not neces-
sary to use FUNG before the DYNAM opsration.

g?gegggsrgﬁzzed tine—varx%gg %orces P (t) are not_specified

u? is the name of the N x N1 array which contains the gener-
alized displacesent X (t).

26 is the name of the,?' x 1 arrag hic ontains the +ime
ncrement associated with the genetalized displacements.

N1 is the number of displacements to be generated.

The methed of integration used is 2xact for straight line
segments,

T D P W =D D D P D P U D D VDAY W WY W W T D G D WD W D D - D = W P D AR D P D D WP -

a printer plot of selective rows
N1 1s the "number of rows _of 41
is ogerat;on. This operatien is
a1, I4) format with the following

R .matrix named M1,
which will be plotted by
io%loved by N1 cards in €
nforsation:

Colul%s %iggaénnbol any keypunch symbol
2 - S Rovw namber to beyp16¥€eg Y

+ .
g%ighgpera ion vllldprepaf

- D

The gsogran autonaticallg searches the informatﬁog to be
plote or the maximum and minimum values, The difference
;gozhggglenunbers divided by 120 spaces is selacted as the
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4. Beat Itansfer Operations

The purpose of this series of operations is to form
the total conductivity and heat capacity matrices for
systems of two- or three-dimensional elements, to form the
flux vector and solve the defined set of equations. For two
dimensional elements <there are 4 to 9 node isoparametric
elements, For three dimensional elements there are 8 to 21
node isoparamtric elements.

After the creation of an array containing the coor-
dinates of the systea nodes, the specification of element
connectivity, <the specification of material properties and
the specification of constant temperature nodes, the cornduc-
tivity and capacity matrices and the flux vector are formed.
The equations are solved by <the appropriate equation solver
and the temperatures are printed in node order.

The HTXFR operation initializes the problen. The

operation COORD is used to specify or generate nodal coordi-
nates. Plement connectivity is specified by the ELCON oper-
ation. Material properties and element boundary conditions
are input via the PROP operation. The CTEMP operation
establishes designated nodes as having constant <tempera-
tures. The equation profile for the problem is generated by
the PROF operation.

To form the conductivity matrix, the operation SYMC
is used. The heat capacity matrix can be approximated with
either a consistant (CCAP) or lumped (LCAP) nmatrix formula-
tion. The flux vector is formed with the FORM operation.

Time independent systems of =equations are solved
vith the CALC operation. Systems of equations involving “he
first derivative of teaperature with respect to time are

solved with the ODE series of operations. Nodal temepra-
tures are printed in node number order with the PTEMP opera-
tion.

63

- A | | | 4




his operatigon initializes the  heat transfer problea. he
gotfovgng E %orlat on, entered ?% free §orma€ onust follow
this operation:

Item contents

1 Number of nodes (NUMNDP

2 Number of 2olements (NUML)

3 Number of material sets §NUHHAT

4 Spatial dime nsion (2 or 5 (NDA

) Number of un knowns per node (NDF)

6 Maximum number of nodes per element (NEN)
The nymber of unknowns r node i1l always be 1 for heat
transger probfens. pe vil Y
e
This o eratigg crsates, an array which contains the coordi-
nates foyr a nodes in a_ heat” +transfer system. Da*+a 1s

entered in free format as follows:
Iten Contents

1 Node nupber

2 X-coordinate

3 Y-coordinate .
g Z-coordinate (if 3-D, else omit)
6

System type
ngeratigg code

8{stel type refers to_the coordinate system used when ingut-
ting _data. All coordinates are convérted to the cartesian
coofdinate system for use by CAL-NPS.

Syst8n1Type Systen,

cartesian ) .
3 Cylindrical, Z-axis longitudinal
3 Cylindrical, Y¥-axis longitudinal
4 Cylindrical, X-axis longitudinal
5 Spherical

The input_data is the same as shown above with the following
correspondance:

Cart;sian Cyliné;ical Spherical

p
14 9
Z 2 3

If the generation code is not zero_. (0), the next card is. a
eneration vector for automatic node generation. It is in
ree format as follows:

Iten Contents .
1 Node number incremernt

2 X increment

3 Y increment .

4 7 increment (if 3-D, else omit)
5 Last node numher to be generated

us termi i i
gg%gegpgggtgggnks.t be terminated by a card with alternating
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2LCON

Ths oRtRRtion,craates, ap, armpL shich goneaing, phe sleagn:

system. Data is entered in free format as followvs:

Itea Ccontaents
1 Element number
3 Node 1 numbar
Node % nusber

etc atc
§e1 Sode ¥ number

e Haterial set number

Ne Generation code
If the generation code l not zZero +he next card is a
geaerat ai vector o 3u§§n%tic eneration o eleaent
donnectivity. It is en*ere Tee rnat as follovs:

Iten COntouts

BElement number increaent
¥ode 1 incresent
Node 2 lncrelent

30; Node gaiycral nt
N+ Hataer ncreaent (usually 0)
43 Last element number to be generated

Roras
(1]

This erati ust bo tarn* ted b
zerocgp an& gi node nnn;eran conven

: tow of a%zernatin
element connocti ity a:e shovn below.

ons fo

4 7 3 3. 16~ 2
: T
T ¢
4 / T
: ={2—
8 G --eeev oS 8 oAl e
AT RIS L RS
S/
R
s R
! 5 2 g~ It
2-D Elesment 3-D Element
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PROP
This geration inputs the_material roperty data for a heat

transfer system, The following information, entered in free
format, must follow this operation:

Itena Content
1 Material set number
Element type number (2 for 2-D, 3 for 3-D)

Additigonal informatjon must be rovided{ gggending on %he

e of element being used. ote tha erial” property
data must be in consisStant units as shown below:
En%%'sh nits ST Units
k §5r-gf=vr “TW7N=9C
c BTU/lbm-0P kd/kg=-9oC
rho lbm/ft3 ka/n3
qt'Y BTU/hr-ft3 /m3

2-D Elements

This information gust follow the PROP operatio% card ang its
two required entries. An entry must be made for each lten.
if thed item is temperature dependent, the entry will be
gnored.

It

Contents . i
Cconduc> ivity in the X-direction
Conduyc. . ivity in the Y-direction
sSpecific Heat
Density . .
Heat genergtlon per unit volume )
Number of 1nteiratlon points per direction
é1 to 6, default is 4
eometry type (see below) L.
Total nuaber of lines with specified boundar
conditions in elements wi+th the same materia
set numer (NLBC) (see below)
9 Temperature dependence code (see below)

@4 NANEWN0D

Geometry type is 1 for plane geometry and 2 for axisymmetry.

The temperature dependgnce ¢ode is 0 if all material proper-
ties _are constant an 1 1f apy _property is_ temperature
¢ependent. If the code is 1, the following information (in
fzcée format) is required.

Iten Ccontent
1 Conductivity in the X-directjon code

2 conductivity in the Y-direction code
3 Heat capacity  (specific hea*?density) code
4 Heat generated per unit volume code

vhere 0 means a constant property and 1 _means a temperature
degendent progerty. Temperature dapendent properties are
entered irn the form of a ~table. The tables _are consecu-
tively input for conductivity in the  X-direction, conduc-
tivity in the Y-direction heat caoac:tg.and heat generated
ger uflit volume.  Omit the tables for which the temperature
ependence code is zero. Tables are inpu+t in free format as
shown on the following page.
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Iten contents

1 lnnhes of data pairs to be entered (This
1 a single card)
2 ronporatn:e 1
3 Propertz (These tvo entries should be on
one car -
4 Tea ratut
-] Property 2 (!hese tvo entries should be on
one card)
at etc

c

N Temperature ¥

+1 Property ¥ (These two entries should be on
one card)

a1y 1 s havo ified oupdary copdition (NLBC>0),.a
3 ‘ns%nge sublitte or ea cg Eg Y Eg & séne an'xs
sub acted to sore than one bound afg conditi on, a card must
be used for each one of these conditions. he total number
of cag aust aal KLBC. The znfornat*on is entered in

orsat as fillows: »

Itenm Contents

Blenont numbe i
Bound a:z cond tion code (see below)
Line e (see low
Property value (see elow)
Amblient tesperature
The bcnndary condition codes are:

N

WME W=

Plux
2 Convection (constant fficient
3 Radiati { coe clent)
4 Convection (temperature dependent property)
The line codes are:
1 = &1 line
-1 s s -1 line
2 T = +1 line
-2 T = -1 line
. 7 3
T
9
8 G------- oS 6
) | [ =
¥ b [

The property values are:
Flax - Plux per unit area
Convection - ionstant heat +ransfer coefficient
gao:ed i £ temperature degendent)
Radiation -~ Product of emissivity by Stephan-
Boltzman constant
Tho tfi-nt temaperature is ignored for <the flux boundary

If thc boundary con ition code is 4 (tengerature degendent
heat transteﬁ coeff c entk a table aus

temperature 38 ce, { is input in free format as is
shown on the 1 ow ng page.
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Contents
Number cf data pairs to be entered (This
should be 2 sinjle card)
Temperature 1 L
Heat transfar coeficient 1 (These two entries
should be on_one card)
Temperature 2 L. .
Heat transfer coeficient 2 (These two entries
should be on one card)
etc
Tengeraturg N . .

1 Heat <¢transfer coeficient N (These two entries
should be on one card)

oD
M e we o
+20

3-D Elements

This infqrmgtion nust follow the PROP ogegggéogocard gng its
i1

two requjred entriles. An entry must T eac ten.
If the 1item is temperature dependent, the entry wi be
ignored.
Iten contents . . . .

? Con uctiv;ty in the X~directjion

2 Conductivity in the Y-directionm

3 Conductivity in the 2Z2-direction

4 Specific Heat

S Density ] .

6 Heat generation per unit volume . .

7 Number of integration points per direction

é‘ to 6, default is 4

: 8 eometry type (see below) .

‘ 9 Total number of surfaces with specified
bound@r{ conditions in elements with the same
material set numer (NSBC) . (see below)

10 Temperature dependence code (see below)

Geometry type is 1 for plane geometry and 2 for axisymmetry.

The tengerature dependence ¢ode is 0 if all material groger-
ties _are constant and 1 i1f any _property 1is_temperature
dependent. If the code is 1, the following information (in
free format) is required.

Iten Contents | . . )

Conductivity in the X-direction code
Conductivity in the VY-directjon code
Conductiv tg in the .-direction code

Heat capacity (specific heat*density) code
Heat generated per unit volume code

VE W

vhere 0 means a constant pro ertz gnd 1 _means a temgerature
dependent progerty. Temperatule dapendent properties ar:
entered in +the form of a ~ %able. The tables  _are consecu-
tively input for conductivity in the, X-direction,. conduc-
tivity in the Y-direction, conductivity in the z—alregtlon.
heat capacity and heat generated per unit vclume, QOmi+ *he
tables for  which the témperature dependence code _is_zero.
Tables are input in free format as is shown on the following
page,




Itam Contents
1 Sumber of data pairs to be entered (rh‘s
should be a finqle card)
2 Tonpe:ature
3 Property 1 (Theso two entries should be on
a  Tem S%‘.’t
en a
5 Pros (these tvo entries should be on
one ca:
etc
ok | Ten cratnre N
220+ 1 g:g :§§ ’! (These two entries should be on
It agx surfaces have a sgaczfied boundary condition
). a card nnst submitted £o5r each snrface. If +he

sane sur face is bjected tc a20re than one ounda:g condi-
tion a card nust bé used for eaach 2ne of these conditions,
The fotal number of cards must aqual NSBC. The information
is entered in free format as follows:

Ites Contants
Element nulbei .
Boundary condition code (see below)
Snrface code (see below)

y value (see below)

t tel @ rature

The boundary condzt on codes are:

COnvecgion (constant coefficient)
4 ggg$g§€?gn (temperature d dent pr t
p ure enden oper
The line ¢odes are: P ep prog n

N WN -

[7¥7.% BN
"
._o

1 R = +1 line
- R = -1 line
% S = +1 line
- S = - ne
3 Ts= +1 ne
-3 T = «1 ne
18- 2
T
9
{
.! 19

-
~o

wa\

iﬁ
ZJ
LR

‘\

The Pﬁsmriﬁi‘*;:;s:;t .

Convection - ion stant geat transfer coefficient
orad tempaerature degendent)
Radiation - uct 2 en ssivity by Stephan-

Boltznan gconstant
e S o e ux oundary
rh Ilbient temperature i ignored for the fl b dar

tion.

If +he boundary condition codo is 4 (tem erature dependent
heat transfeﬁ coefticient& able mus ow for he
teaperature de C @a £ i aput in free ormat as xs

shown on the f0llowing page.
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Iten Contents . .
1 Number of data pairs to be entered (This
should be a single card)

2 Temperature 1 .. .
3 Heat ¢ransfer coeficient 1 (These two entries
should be on one card)
4 Temperature 2 L. .
S Heat transfer coeficient 2 (These two entries
should be on one card)
etc etc
2N Teaperature N .
2%N+1 Heat transfer coeficient N (These two entries
should be on one card)
CTENMP
This operation nputs  constapt emperature boundar
restraing ﬁata. I% P ou have noges wgtgp constant tenperaZ

tgge, yor must enter the temperatures for +those nodes. For
nodes with no temperature restrictions, no entries should bhe
made. . Automatic, generation capab111£y is built 4into the
operation. Data is entered in free format as follows:
Iten Contents
1 Initial node

2 Last node
3 Node increment
4 Temperature

These entries may be repeated until al]l the constant temper-
ature nodes are entered. This ogeritlon mus*t be termirated
by a row of alternating zeroes and blanks.

- D Y P - - YD L LD R EDUD WD AD DL D D D T - - - - - - - - - -

EROF

This operation establishes_the rofile of the eguations for
solution of the heat transfer L problem. After the 1ssuance
of this _ccmmand the problem is set and you may not change
the node numbers with _restrained boundar{ conditions
{(constant temperatures). The values of the restrained temp-
eratures may be changed.

LD WD D = TP WP G ED P A G D P D D D D R D D DD R S YR T D D - S D D T D - R - . - - - e - e -

SINC

Ehis operation foins the symmetric conductance matrcix for
esat transfer problems.

This operation forms an unsyametric conductance matrix.

LCKP

This, operation forms a lumped capacitance approximation
matrix for heat transfer problems.
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CCap

This operation forams a consiftent capacitance approximation
matrix for heat transfer problems.

- - P - D D D EPE D R WY D P CDUD "D W D D DG PP D D YD AW = > TP T D D DD D D D D - - AP D - - > -

{2%2 operation forms the flux vector for heat transfer prob-

CALC

Ihis ogeration solves Sime indepegdent heat transfer prob-
ems for temperature and updates the temperature matrix.
This ggeratign,solvgs the, firét orget ogdinarx dif erentigl
equations arising rom time dependent heat transfer prob-
léms. If M1 is "INIT",the imitial conditions are estab-
lishe This operation must be followed by the following

data gn free format:
Iten contents, .
1 Integration paramters_theta for two point
schene (default = 2/3

2 Integration parameter gamma for three point
scheae (default = 1.5 .

3 Integration parameter beta for three point
scheme (default = 0. .

4 Maximum temperature difference for time step
adjustment ) ‘

5 Ninimum temperature dif ference for time step
adjustment

Default values afe obtained by entering zeros for items 1, 2

an
If M1 is WLINE", the two point integratiop scheme is used.
B R 22 wGOAD", the thres poEnt i sgration scheme is used.

some suggested values for theta for the two~point scheme as
given in Reference 4 are:

HETA
Crank-¥Nicolson ?/
Z2ienkiewicz 2/3
Bettencourt 3/4
Liniger .878

Some suggested values for beta and gamma for “‘he three point
scheme 4§ given in Reference 4 are:

Beta Gamma
lees 173 172
Hogge 374 1.0
8Q0 <646 1.2184
Zienkiewicz 4/5 372
Bettencourt 9/10 3/2

71




This operation prints the nodal temperatures of a hea-
transfer systeam in node number order.

This operation ets th solution conyergence tolerance ¢to
the vafue §ound in the ?x1 natr%x naneg uq.

CON;-- e e —— - - = - e 2 e = =
his operation performs a_temperature onvergence test on a
eat tgansfer sgsteg. If ¢ gs operatgon %sg used gnside a
o) (LOOP_ operation) and the test shows convergence,

looping will be teraminated.

This operation sets the time ipcrement for integration in. a
heat transfer systea to the value <found in the” 1x1 matrix

ADT IN
ghis operation advances the time in g heat transger roblenm
y one, time step. The time step S input wit the DTIN
operation.
5 < 22

This operation computes the dominant eigenvalue and eigen-
vector of the current heat transfer condidctance aatrix.

This opegatiog serfits t%e €§onpts for user input to_ be
sugEresse without loss of other output. A secodnd PROMPT
wi restore the prompts _ unless the print output is
suppressed by the NO coamand.
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S. graphics Qperations

CAL-¥PS has a limited graphics capability for users
vith FLOT~10 compatible terminals or IBM 3277 Dual Screen
terainals, Two- Or three~dimensional =seshes may be vieved
in the X-Y, ¥-Z or X-2 planes.

The graphics operations are ini«ialized with the
GBAPH operation by wvhich the user specifies vwhich graphics
capable terminal is being used. The PLHX operation plots
heat transfer meshes and the PLST operation plots structural
meshes. The user say title the plots using ¢*he TITLE opera-

tion.
s operation init'a zas the aphi ck . PT

Tgtre gre two tera users %ﬁyputgi ga ?ge he g§§§R g
operations, A yes nust bs input imme 1ate1 ollowing th is
card to signif that one of +wo types o' *ermipals
being used. +he terminal code uus be entered in free
format:

Terninal Code 'rerni 2l

10 Compatible Terminal
2 IBB 3277 Dual Screen

TAis eratio lots 3-0 heat ¢ 1
leshes.p E t pnesh is g-D. the usere:ay §%2§§§y tigap g%g
cf view:

N1 = 1 : X-Y plane

N1 = 2 : !-z planc

81 = 3
The default is *he g—! plane, hence ¥1 is not required for
2~D meshes.

N
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- angn wn ey - - - um - P Ep ED W G SEPuy TPARas

PIST,H81,82,81

LN B b LR Shury ati,
‘E: LOADI 3po§at oniu.ntgi.gou diganfion is the number o

aents an e co nsion he wmaxizum nusher o
nodes gz: element plus one. 82 contains the following
infor n'

u x = lusber of nodes in element number K
K3} = nodo 2
tc.
(K 01{ g

| & spcc; 98 the g ane of view:

] 1 : X- lane '

.} ] % : ane

!1 H !-

ctgge contggns tvo gizensional sembrane elements
tion), the connectivity must follow the conven-
h;}ov*

|

TITLE,¥1

FEs S0 3 YR b g 5&2%"‘5&%&*‘ Pystf SIESS)

to
vlth +her
the PLH or PLST o otatians. The 1lab agg in the
upper i ;ht hand iea of the screen outside e plotting
arca. his ogcrai n aust i-no 1at31g praceed thae lottzn
operation. e may be change y reissuing the TITL
coamand. The dcfanlt value of N1 {s ona.
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6. loopipg Qregations

CAL-¥PS has a five level looping ability. The first
operation is LOOP and the last operation is NEIXT.
Operations within CAL-NPS are normally executed as they are
encountered. If the operation requires data, the data cards
follow the operation card. In the case of looping, however,
all operation cards are stored within the coamputer before
they are executed, If operations within the 1loop require
data, the data cards must be supplied in the order required
after the last NEXT operation. If an error is encountered

vhile executing in a 1loop, the entire matrix of 1loop
conmands is deleted and the user is given +he opportunity to
try again. Matrices that have been modified by operations
successfully completed while in the loop remain modified.
After all loops are executed the computer storage required
for these operations is automatically released by the
prograa.




N1 is the ugber of times the loog is to be executed.
Assoclated with each LOOP operation there must be a corre-
sponding NEXT ogeratlon which signifies Ehe end of the loop
and the return of the control ¢0 the beginning of the loop.
The following is a possible series of looping Operationms.

100P, 5+«
——ti Pirst level loop
—m———— executed 5 times

executed tvwice

LoOP, 2 Second level loop
:} (total cf 10 times)

executed 4 times

LOOP.u:] Second level 1loop
(total 20 times)

NEXT,H1 or NEXT

The operation NEXT siggifies thg end of a oog LIt is
apparént which LOOP ahAd NEXT cards are associatéd if there
are an equal number of each, The operation  NEXT, M1 wi})l

te if the first term in the matrix

cause the loop to termina
M1 is negative. _

AR W D Gy -y P DG DD P EDED GRS T WG D D YD D ED U R D W D D W W Y DD T D D D - OB P - - D - - -

SKIP,HN1,N1
is o ation wil]l capnse the skip of the next N1 operations
E% thepgfrst tera in the matrix ngneg u? is neqatlvg.

D D Wh AR e D D P D W P WD WD CRED wp Y N R e VS YD S ADED D S D R G A = D D D D DD S D D D S - - - -

7. User Defiped Operations

USERA and USERB

These names_ are reserved for ogerations to be defined and
g:ogranle by the user. In order to program these opera-
jons it is necessary to understand the ifternal organiza-
Ezgnigg CAL~-NPS. Chapter III of Reference 2 contains the
eta -
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E. LARGE PROBLEBHES

CAL-NPS is designed as an educational tool. It does not
take advantage of banding and symmetry in matrix storage,
except in the heat transfer operations. Larger problems can
be solved by increasing the dimension of the L array, but a
general purpose program that makes maximum advantage of
out-of-core storage and takes advantage of banding and
symmetry for in-core matrix storage is probably a better
choice, With the above disclaimer, to increase problem size
capability, increase the dimension of the L array and change
the value of MAX tosthe new dimension size in the following:

C-==-==NAIN PROGRAN
C=====SET PROGRAM CAPACITY
COMMON MTOT,NDP, L(100000)
MTOT = 100000
NDP = 2
CALL SETIME
CALL CAL1
STOP
END

With the dimension of <the L array as above, the progranm
currently executes in 1024 K bytes for CP/CHMS. The region
necessary for execution will increase about eight times the
increase in the L array.
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APPENDIX C

EXAMPLE TERMINAL SESSION

The following +terminal session was recorded using the
data file in Appendix B.

CAL
ENTER TERMINAL CODE:

= OT= C tible inal (GRAPH
§ = BERT339,C08 R 3Rh SR RAABA L JSRAPHICS)
= Any Alpha Numeric Terminal (NO GRAPHICS)

132

FORTMO D2 MOD2EEH NONIMSL IMSLSP

01 éRECFU VS LRECL 3408 BLKSIZE 3412
FTO8F001 (RECFM PBA LRECL 132 BLKSIZ

ggch(RECFH FBA LRECL 132 BLKSIZE 132)
LOAD CALO CAL PRTCMX GROUP1 GROUP2 GROUP3 GROUP4 GR (CLEAR
EXECUTION BEGINS...

START
#ASTART
........................... 0.003 SECONDS
PROMPT
A*PRONPT
e - s = 2 4 o e = 0.003 SECONDS
READ, 4
#«aR EAD, 4
B e 0.003 SECONDS
*2HTX PR
99 ROWNS 1 COLUMNS
1 RORS 8 COLUMNS
2 BROWS 4 COLUMNS
4 ROWNS 1 COLUMNS
1 ROWS 4 COLUMNS
4 RONS 1 COLUMNS
4 ROWS 4 COLUMNS |
7 ROWS 1 COLUNNS
10 ROWS 1 COLUMNS
1 ROWS 99 COLUMNS
2 ROWS 99 COLUMNS
5 ROWRS 80 COLUMNS
1 RONS 99 COLUMNS
99 ROWS 1 COLUMNS
59 RORS 1 COLUMNS
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O~
o

0.003 SECONDS

BER OF NODAL POINTS
NTS
MENSION OF COORDINATE SPACE

P
BER OF ELEMENT
BER OF MATERIAL SETS

-]
- |
N
NODES PER ELEMENT (MAXIMUM)

. D - - D D =D D D D D - - . - - -

*=COORD
NODE

DEGREES OF_ FREEDOM/NODE

NO
NOD
NU
DI

SOOI Ao WVWVNIN BANOOWVWOVNIN OVNODMVVNIN ONODVWWDNISIN O~
errOOO0CO0 wrrOOO0O0000 TrrOOO00000 ™rrOOOO0OO0OO0OD *wrroOOOOO0O0O ™o
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NODE TEMPERATURE
89 60.000
90 60.000
91 60.000
92 60.000
93 60.000
94 88.000
95 <000
9% 60.000
97 60.000
98 60.000
99 60.000
e e TR P 0.007 SECONDS
S&PROP
MATERIAL SET 1 FOR ELEMENT TYPE 2
DEGREE OF FREEDOM ASSIGNMENTS LOCAL GLOBAL
NUMEER NOMBER
HEAT CONDUCTION ELEMENT
CONDUCTIVITY KX = .1 00 KY = .1000
SRECIFIL AEAT 6500000
DENSITY 70. 00000
HEAT GENER/UNIT VOL .0
4 GAUSS' PTS/DIR
S LINES VITH SPECIFIED BOUNDARY CONDITIONS
PLANE  ANALYSIS
ROWS 3 COLUMNS
3 ROWS 9 COLUMNS
5 ROWS 2 COLUMNS
LINE B.C.
ELE B.C. LINE PRQPERTY.VALUE MPERATURE
8 5 3¢ PRI5T30508 258788384
7 2 2 10. 00000 69.00009
8 2 2 10 00000 60.0000
9 2 2 10. 00000 60.00000
10 2 2 10. 00000 60.00000
e m e e e - e 0.027 SECONDS
#%PROF
82 ROWS 1 COLUMNS
e D PR EE L PR PR 0.017 SECONDS
28S YNC
945 ROWS 1 COLUMNS
e 0.406 SECONDS
##PORM
FPLUX CONVERGENCE TEST
RNNAX = 60. 927 RN = 60.927
e B S Tt 0.716 SECONDS
*8CALC
ENERGY (DR®A®DR) = 0.2249177052D+05
e oD At e BT 0.030 SECONDS
“#PTEMP
NODAL TEMPERATURES TIME 0.0
NODE
i 0. 16300+ 03
2 0.16000D+03
3 0. 16000D+03
g 0. 16000D+03
5 0. 16000D+ 03
6 0. 16000D+03
7 0. 13970D+03
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